Background: Catechol-O-methyltransferase (COMT) metabolizes catecholamines in different tissues. Polymorphisms in COMT gene can attenuate COMT activity and increase sensitivity to pain. Human studies exploring the effect of COMT polymorphisms on pain sensitivity have mostly included small, heterogeneous samples and have ignored several important single nucleotide polymorphisms (SNPs). This study examines the effect of COMT polymorphisms on experimental and postoperative pain phenotypes in a large ethnically homogeneous female patient cohort. Methods: Intensity of cold (+2-4°C) and heat (+48°C) pain and tolerance to cold pain were assessed in 1,000 patients scheduled for breast cancer surgery. Acute postoperative pain and oxycodone requirements were recorded. Twenty-two COMT SNPs were genotyped and their association with six pain phenotypes analyzed with linear regression. Results: There was no association between any of the tested pain phenotypes and SNP rs4680. The strongest association signals were seen between rs165774 and heat pain intensity as well as rs887200 and cold pain intensity. In both cases, minor allele carriers reported less pain. Neither of these results remained significant after strict multiple testing corrections. When analyzed further, the effect of rs887200 was, however, shown to be significant and consistent throughout the cold pressure test. No evidence of association between the SNPs and postoperative oxycodone consumption was found. Conclusions: SNPs rs887200 and rs165774 located in the untranslated regions of the gene had the strongest effects on pain sensitivity. Their effect on pain is described here for the first time. These results should be confirmed in further studies and the potential functional mechanisms of the variants studied.
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neurons in the central nervous system and other tissues. 1 Metabolic activity of COMT is modulated by genetic variation which can lead to significant differences in COMT activity in humans. 2, 3 The role of COMT has previously been studied in pain sensitivity and opioid analgesia. [4] [5] [6] [7] [8] [9] However, most of the studies have focused on a few polymorphisms only.
The COMT gene is located in the long arm of chromosome 22. It consists of six exons covering more than 27 kb. Four of the exons are translated into protein, and promoters located in exon 3 regulate the synthesis of distinct types of messenger RNAs that code for the membrane-bound and soluble forms of the enzyme. Within the 27-kb genomic area, more than 900 genetic variants have been identified, the vast majority being located within the introns. The only common COMT single nucleotide polymorphism (SNP) that is nonsynonymous is rs4680 (Val 108/158 Met). The Met allele has been shown to reduce COMT activity three-to four-fold. 10 In addition, several other polymorphisms have been suggested to modulate expression or activity of COMT. However, their effects on COMT activity in vivo and on pain phenotypes have not been characterized. [11] [12] [13] [14] [15] [16] COMT polymorphisms, SNP rs4680 in particular, have been studied in several painful conditions such as temporomandibular dysfunction, fibromyalgia, migraine, and headache. Low COMT activity has been suggested to increase the intensity of pain in these conditions (see study by Kambur and Männistö 17 for references). In osteoarthritis, for example, the Val 108/158 Met variant has been associated with more intense pain with similar tissue destruction. 18 Low COMT activity has also been related to increased pain sensitivity in experimental thermal and mechanical pain tests. 19, 20 The relevance of COMT polymorphism in acute postsurgery pain has been assessed in only two reports. One of them found an association between COMT SNP rs740603 and maximum postoperative pain ratings, 6 and the other study reported associations between SNPs rs4818 and rs6269 and intensity of postoperative pain. 21 Previous studies exploring the effect of COMT on pain have mostly been of small size and they have included both men and women of different ethnic origins. Most studies have analyzed only SNP rs4680 (Val 108/158 Met). Recent studies have suggested that other nearby SNPs (e.g., rs6269 and rs4818) and haplotypes containing these SNPs could be as important. 19, 20 There is much genetic variation within and around the COMT gene that has been overlooked in previous studies. Especially, synonymous and 3′-and 5′-untranslated region (UTR) SNPs remain largely uninvestigated even though they can also significantly affect the gene expression and thus have a phenotypic effect as well. In this study, our aim was to test the association between all common variation within and around the COMT gene and pain phenotypes in by far the largest homogenous dataset consisting of 1,000 Finnish female breast cancer patients. Detailed measures of experimental pain as well as acute postsurgery pain and oxycodone consumption were analyzed. Our study combines dense, high-quality genotype data, which allows a more comprehensive evaluation of COMT variants, and a large patient sample with rich phenotypic data.
Materials and Methods

Ethics
Written informed consent was obtained from each subject participating in the study by either a research nurse or a physician. Surgery and all other treatments were part of the patients' normal clinical care under the supervision of the physician in charge. The research protocol had been approved by the coordinating ethics committee (136/E0/2006) and the ethics committee of the Department of Surgery (Dnro 148/ E6/05) of the Hospital District of Helsinki and Uusimaa.
Subjects and Initial Clinical Assessment
This study reports the data of 1,000 patients who were operated for breast cancer at the Unit for Breast Surgery at the Women's Hospital, Helsinki University Central Hospital, Helsinki, Finland, between August 2006 and December 2010. The study cohort is described in detail in the accompanying article. 22 In brief, either mastectomy or breast conserving surgery, with sentinel node biopsy, axillary clearance, or both, was performed. Before surgery, the patients filled in questionnaires on depression (Beck Depression Inventory) 23 and anxiety (State and Trait Anxiety Inventory), 24 and underwent experimental pain tests.
Experimental Pain
Contact heat pain and cold pain were assessed as described in the study by Kaunisto et al. 22 For the heat pain, the volar surface of the forearm was first exposed to 43°C for 5 s and then 48°C also for 5 s. The patients assessed the intensity and unpleasantness of pain with a 0-10 numerical rating scale (NRS) at the end of each test; zero represented ''no pain," and 10 ''worst imaginable pain." All 1,000 women were evaluated for heat pain sensitivity.
Cold pain was measured by immersing the hand to a cold water (2-4°C) bath for the maximum time tolerated by the patients but not longer than 90 s. Time to withdrawal of the hand and pain intensity (NRS) and unpleasantness were measured every 15 s during the test and at withdrawal. The cold pain test was not performed on the first 100 patients studied (n = 900).
Anesthesia, Postsurgical Pain Assessment, and Administration of Oxycodone
The patients received standardized anesthesia during which a blood specimen was drawn for DNA isolation and banking. 22 In the postanesthesia care unit, the patients were asked about the pain intensity at rest and during motion. Motion pain was assessed by asking the patient to raise the arm ipsilateral to the surgical intervention up to 90°. Patients were titrated with i.v. oxycodone by a research nurse who Kambur et al.
COMT Variants and Pain in 1,000 Women asked about the pain intensity every 5 min and administered oxycodone in doses of 1-3 mg until adequate analgesia (NRS < 4/10) was achieved. After this, pain intensity was recorded every 15 min until the patient needed the next dose of oxycodone. Time to the first dose of oxycodone and time needed to achieve satisfactory pain relief were documented. For the ward, the patients were provided with a patientcontrolled analgesia device for up to 20 h except for 70 daycase surgery patients. The amount of oxycodone needed to achieve satisfactory pain relief, oxycodone consumption in the postanesthesia care unit, and the total amount of oxycodone consumed during 20 h after the operation were recorded.
SNP Selection and Genotyping
A total of 22 SNPs were genotyped from a 47 kb region (chr22: 18,299-18,346 kb, NCBI36/hg18 assembly) covering the COMT gene as well as 10 kb of 5′ and 3′ flanking regions (table 1) . Information about the linkage disequilibrium (LD) within this area was used to select an optimal set of SNPs capturing most of the genetic information. The SNP selection was based on phase 3 data of the HapMap database and performed using the Tagger program included in the Haploview 4.1 software.** 25 The HapMap database † † contained 30 SNPs having a minor allele frequency of greater than 10% in the European population (Utah residents with North-Western European ancestry from the Centre d'Etude du Polymorphisme Humain collection and Toscans in Italy). The aim was to capture all these SNPs by setting the limit for the pair-wise r 2 to 0.9 or greater. Nineteen SNPs were chosen to be genotyped, and 17 of these were successfully included in the genotyping multiplexes. Thus, 28 of the 30 HapMap SNPs were captured with a mean r 2 of 0.994. In addition to these 17 genotyped SNPs, two additional SNPs were selected based on their position in the exonic areas (rs4818 and rs16599) and three because they were known to be common based on HapMap phase 2 data but not available on phase 3 data (rs74063, rs165774, and rs2518824).
DNA was extracted from peripheral blood using the Autopure LS automated DNA purification instrument (Gentra Systems, Inc., Minneapolis, MN). The 22 SNPs were genotyped using the Sequenom MassARRAY system and the iPLEX Gold Single Base Extension chemistry (Sequenom, San Diego, CA) in a multiplex format. 26 This method has excellent success (>95%) and accuracy (100%) rates. 27 Both duplicate, Centre d'Etude du Polymorphisme Humain control and water control samples were included in each DNA plate to confirm the accuracy of the genotyping results. Genotyping was performed blind to phenotypic information.
Statistical Analysis
SNPs. The entire sample was tested to determine whether the null hypothesis of Hardy-Weinberg equilibrium could be rejected by applying the chi-square method. The Haploview 4.1 program was used to determine the pair-wise LD between the SNPs (r 2 value) and to identify haploblock structures using the CI algorithm. 25 Power Calculations. The theoretical effect size needed for our study sample to have power to detect association with the previously pain-associated variant, rs4680, was calculated using R software environment. ‡ ‡ The minor allele frequency was set to be the same as detected in our sample, 0.457. Additive inheritance model (each copy of the minor allele having an effect) was assumed. The results showed that in order to have a power greater than 0.9 to reach a P value of 0.05 (considered to be an appropriate level of evidence when replicating a previous association), the effect size should be 15% of the SD for the phenotype per allele (additive model). In our case, the minimum effect size of 0.36 NRS units on a scale 0-10 for heat pain and 0.39 NRS units for cold pain would produce a P value less than 0.05 with 90% certainty. Thus, our sample size provides enough power to detect meaningful effect sizes for rs4680. Association Analyses. Association between the COMT SNPs and pain phenotypes was tested using linear regression analysis. Additive, dominant, and recessive models were all considered. Analyses were performed with PLINK software. § § 28 The experimental pain variables that were analyzed include intensity of thermal pain produced by heat stimulation (48°C, NRS) and two different cold pain-related variables: time to withdrawal and pain intensity (NRS) at 15 s. Those patients who withdrew their hand before the analyzed time point were coded as having the maximum NRS value (n = 118 at 15 s).
The postoperative pain-related variables that were studied include pain intensity during motion (NRS) when needing the first dose of oxycodone, the amount of oxycodone needed to achieve adequate analgesia (NRS <4/10), and total oxycodone consumption (mg·kg −1 ·20 h −1 ).
All association analyses were performed using variables adjusted for potential confounding factors, that is, on residual phenotypic scores after regressing out covariate effects. The covariates used for experimental pain phenotypes include age, body mass index, presence of any preoperative chronic pain condition (yes/no), and anxiety (State and Trait Anxiety Inventory score). For postoperative variables, the residual phenotypes were also adjusted for the effect of the type of surgery performed. When analyzing the association with total oxycodone consumption, the 70 day-case surgery patients who did not use the patient-controlled analgesia device were excluded. Follow-up Analyses for SNP rs887200. SNP rs887200 was explored further using parametric tests where homozygous PAIN MEDICINE carriers of risk allele were compared with other patients. Cold pain intensities across different time points were analyzed with two-way ANOVAs for repeated measurements using time and genotype as independent variables. Time to withdrawal was analyzed with Student unpaired t test. Permutations and Correcting for Multiple Testing. Due to the fact that the distributions of the studied quantitative traits were not normal, permutation procedures were used to obtain empirical P values. The associations were calculated using the max(T) permutation option of the PLINK software performing 10,000 permutations for each SNP. This option not only obtains empirical P values for each SNP but also produces P values adjusted for performing multiple tests in order to control for the family-wise error rate. Because this method takes into account the correlation due to LD between the studied SNPs, it provides a less stringent correction than using a Bonferroni correction to control for multiple testing. These P values were further multiplied by 18, to correct for the number of tested phenotypes (six) and statistical models (three). The level of significance was set at a corrected P value of 0.05. Haplotype Analyses. In addition to single-SNP analyses, haplotypes were also tested for association. The PLINK software was used for calculating the most likely haplotype combinations for each patient using the haploblock structure identified with the Haploview program as a guideline ( fig. 1 ). 25, 28 Three different haplotype combinations, corresponding with the three identified haploblocks, were determined for each patient. Furthermore, we constructed the haplotypes previously associated with pain sensitivity phenotypes in a study by Diatchenko et al. 19, 20 who classified them as low pain sensitivity (LPS), average pain sensitivity, and high pain sensitivity. SNPs rs4633, rs4818, and rs4680 were used for this purpose. Haplotype-association analyses were performed using linear regression with an additive model, where all haplotypes having a frequency above 1% within a haploblock were tested one by one against all the others. Permutations were performed in a similar way as to the single-SNP analyses.
In Silico eQTL Database Analyses
The expression Quantitative Trait Loci-association patterns between COMT mRNA levels and genotypes of SNPs rs165744 and rs887200 were investigated using GENE-VAR (GENe Expression VARiation) software║║ developed at Wellcome Trust Sanger Institute (Hinxton, Cambridge, United Kingdom). This interactive Java interface was used to perform searches in three available gene expression-profiling datasets containing data based on HapMap lymphoblastoid cell lines, 29 three tissue types derived from female twins of the MuTHER study, 30 and three cell types derived from umbilical cords of GenCord individuals. 31 
Results
Genetic Association Studies
Twenty-two SNPs within or nearby the COMT gene were genotyped. The success rates, minor allele frequencies, and Hardy-Weinberg equilibrium values of the genotyped SNPs are presented in table 1. The average success rate of genotyping was 99.0%. None of the SNPs showed deviation from Hardy-Weinberg equilibrium (P < 0.05). Figure 1 presents the location of the studied COMT SNPs and the CI method-based LD block structures in the study subjects. The clinical characteristics of the patients are shown in table 2. The results of the analyses testing association between COMT and experimental heat pain intensity are shown in table 3 and figure 2. Of the SNPs studied, rs165774 showed the strongest association with the intensity of heat pain at 48°C. The smallest uncorrected empirical P value of 0.003 was obtained when the dominant model was used. This P value remained less than 0.05 after correcting for the number of SNPs analyzed but not when the more stringent corrections were performed (P = 1). Regression coefficient (β) that represents the effect size and direction (using the major allele as the reference allele) was −0.46. The 
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mean NRS of the patients homozygous for the major allele (G) of this SNP (56%) was 3.72 and the mean NRS of the heterozygous individuals (38%) was 3.20 whereas that of the individuals homozygous for the minor allele (5%) was 3.48. Four to five SNPs, depending on the model used, showed nominal association with cold pain (table 3 and figs. 3 and 4) . The strongest signal was seen between SNP rs887200 located within the 3′ prime region of the gene and the NRS score at 15 s using a recessive model. The uncorrected empirical P value was 0.004, but the association, however, did not sustain stringent multiple testing corrections (table 3) . This SNP was relatively rare, only 25 of the 900 patients tested for the cold pain were homozygous for the minor allele (C). The regression coefficient for this SNP was −1.62 meaning that the homozygous individuals reported in average 1.6 points lower NRS values compared with the other groups. In a follow-up analysis, C/C-carriers reported lower pain intensity scores than other patients (two-way ANOVA for repeated measurements, effect of genotype: P < 0.0001), and the effect of rs887200 was consistent across all measured time points from 15 to 90 s as there was no time-genotype interaction (P > 0.05; fig. 4 ). Furthermore, C/C-carriers tolerated cold stimulation longer as compared with noncarriers (P = 0.005; fig. 5 ).
Of the other SNPs showing nominal evidence of association with cold pain, rs1544325 is of interest since using the dominant model it was associated with both of the cold painrelated phenotypes tested. The smallest uncorrected empirical P value of 0.007 (β = 6.11) was reached when association with cold pain tolerance (time to withdrawal) was tested (table 3) .
Postoperative Pain and Oxycodone Consumption
Association between the COMT SNPs and several postoperative pain variables was studied. Three SNPs, rs4646312, rs2239393, and rs4818, all located within the same (middle) haploblock gave uncorrected empirical P values in the range of 0.008-0.01 for the phenotype "pain intensity during motion when the patient needed the first dose of oxycodone" using the dominant model (table 1, see Supplemental Digital Content 1, http://links.lww.com/ALN/B3). After multiple testing corrections, no evidence of association remained. In all cases, the minor allele (C, G, and G, respectively) carriers had higher postoperative pain scores than the patients being homozygous for the major allele (β = 0.25-0.28).
None of the studied SNPs showed any evidence of association (P < 0.05) with the other postoperative phenotypes, that is, the amount of oxycodone needed to achieve adequate analgesia and total oxycodone consumption. Results for the total oxycodone consumption are presented in table 2, Supplemental Digital Content 1, http://links.lww.com/ALN/B3.
Haplotype Analyses
In addition to single-SNP analysis, association between the pain phenotypes and the haplotypes constructed both based on the LD structure and previous literature was studied. Of the three haploblocks formed ( fig. 1) , blocks 1 and 2 consisted of seven SNPs (from rs6518591 to rs5993882 and from rs4646312 to 165774) and block 3 of five SNPs (from rs9332377 to ) over time and the mean cold withdrawal times are shown in individuals who were homozygous for the single nucleotide polymorphism (SNP) rs887200 minor allele (C) compared with those who had one or two copies of the major allele (T). Asterisks indicate a difference between the genotype groups (two-way ANOVA for repeated measurements, effect of genotype, ***P < 0.0001; Student unpaired one-tailed t test, ** P < 0.01). Kambur et al.
COMT Variants and Pain in 1,000 Women rs887200). Within block 1, five haplotypes having a frequency above 1% could be constructed, whereas six haplotypes were identified within blocks 2 and 3 (table 2, see Supplemental Digital Content 1, http://links.lww.com/ALN/B3).
The strongest haplotype-association signal for experimental pain phenotypes was seen between heat pain intensity and haplotype TTACACA of block 2 (uncorrected P value 0.014). Carriers of this haplotype reported less heat pain (β = −0.31) compared with the carriers of all the other haplotypes. This haplotype has a frequency of 24% and was the only one of the six detected haplotypes containing the minor allele (A) of the SNP rs165774 associating with decreased heat pain sensitivity in single-SNP analyses as well. None of the haplotypes showed evidence of association with cold pain phenotypes. These results are presented in table 2, Supplemental Digital Content 1, http://links.lww.com/ALN/B3. None of the haplotypes showed evidence of association with the phenotypes related to postoperative pain or oxycodone consumption.
In the studies by Diatchenko et al., 19, 20 haplotypes consisting of three to four SNPs all located within our haploblock 2 have been suggested to have a significant effect on pain perception. To test this specific hypothesis, we constructed these haplotypes classified in the original study as LPS, average pain sensitivity, and high pain sensitivity haplotypes and tested association. Haplotype LPS (alleles CGG) was nominally associated with cold pain measured by NRS at 15 s (P = 0.031) and with postoperative pain (P = 0.045). However, the effect was opposite to what was expected based on the previous studies because the carriers of the LPS haplotype had a higher pain score than the others (β = 0.31 and 0.14, respectively), and after experimental-wise corrections, the P values were not significant. None of the LPS/high pain sensitivity/average pain sensitivity haplotypes showed any evidence of association to the other studied variables.
In Silico eQTL Analysis
The possible functional significance of the SNPs showing statistically significant evidence of association with pain phenotypes in this study (rs165744 and rs887200) was assessed analysing the association between the genotypes of these SNPs and the COMT-expression levels using the GENEVAR database. These SNPs did not show any significant effect on the expression levels of COMT in any of the three datasets available.
Discussion
A few variants of the COMT gene have been much studied in relation to various aspects of pain in fairly small patient samples. The current study is unique in having analyzed 22 different SNPs in a large and homogenous patient cohort with rich phenotypic data. The main finding of our study is that there was no association between the most studied SNP rs4680 (Val 108/158 Met) and any of the studied pain phenotypes, whereas the strongest association signals were seen between experimental pain and COMT SNPs rs887200 and rs165774. These associations have not been described before.
Experimental Pain SNP rs4680 (Val 108/158 Met), which modulates COMT activity, has been examined in most detail to date. No evidence of association between this SNP and the studied experimental pain phenotypes was seen in our study in agreement with the work by Kim et al. 5 Our study was well powered to detect an association for this SNP had there been any. Any effect of rs4680 has been shown mainly in settings applying nociceptive stimuli of higher intensity and longer duration. 9, 19, 32 It is possible that the effect is present only after a more intense stimulation than what was used in our study or in certain specific aspects of pain such as the rate of temporal summation of heat pain. 19 It has also been suggested that the effect of rs4680 may depend on the genomic environment, for example, haplotype or cooccurring rare variants. 19, 20, 33 Interesting evidence has also been provided for an association between pain sensitivity and certain COMT haplotypes (LPS/average pain sensitivity/high pain sensitivity) containing the rs4680. 19, 20 Our results, however, did not support these findings. There are several possible reasons for this lack of replication. The experimental pain phenotypes examined are rather different between the studies. In the original studies, a composite phenotype consisting of 16 parameters was analyzed. 20 The strongest associations were seen for thermal pain, which was the only modality also assessed in our study. 19 Its parameters, however, were different from those used in our study, and we did not assess heat pain threshold or tolerance. There are also other important differences as we studied breast cancer patients of whom approximately 25% had some previous chronic pain condition. Also, it should be noted that the sample sizes of the earlier studies are rather modest which could increase the risk of false-positive findings.
In our study, the strongest association was seen between heat pain intensity (48°C) and SNP rs165774 (uncorrected P = 0.003). Subjects carrying the A-allele showed lower pain intensity (mean NRS: G/A, 3.20; A/A, 3.48) than homozygous G-carriers (NRS 3.72). This result remained significant after correcting for the number of SNPs (P < 0.05) but did not sustain more stringent corrections. Rs165774 is located in the intronic region between exons 5 and 6 and is part of haploblock 2. Interestingly, a preliminary report showing association of rs165774 with temporomandibular dysfunction suggests that it might be important for the expression of an alternatively spliced, truncated COMT isoform showing differential expression pattern and higher efficiency in metabolizing norepinephrine.## Regarding the cold pain phenotypes, the strongest association in our study was detected between SNP rs887200 
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and cold pain intensity. Homozygous minor allele (C/C) carriers were less sensitive to pain (mean NRS, 4.1) than the subjects having other genotypes (mean NRS, 5.8 and 5.7, respectively). The magnitude of the effect of rs887200 in our study was greater than that of other COMT SNPs, including several SNPs which have shown associations in earlier studies. This result did not remain significant after multiple testing corrections either. However, in the follow-up analysis taking into account individual nociceptive baselines as well as responses over the whole 90 s test, the effect of rs887200 was consistent across all measured time points (P < 0.0001) and C/C-carriers also tolerated cold stimulation longer as compared with noncarriers (P = 0.005; fig. 5 ).
The effect of rs887200 on pain sensitivity has not been studied before. It is located within the 3′ region of the gene, but it is also intragenic to a neighboring gene, ARVCF (armadillo repeat protein deleted in velocardiofacial syndrome). Other COMT 3′-UTR SNPs have been suggested to contribute to human neuropsychiatric phenotypes. 34, 35 Furthermore, in a recent animal study, eQTL analysis showed that in inbred mouse strains, COMT activity and related behavioral phenotypes are mainly regulated by a transposon located in 3′-UTR. 36 Also in humans, one 3′-UTR SNP associated with neuropsychiatric phenotypes was connected to altered COMT expression. 11 Regardless of the origin, the mechanisms of action of 3′-UTR variants are less evident because they do not alter the amino acid sequence of the protein.
Possible mechanisms include attenuation of interaction of 3′-UTR area with negative modulators of expression such as microRNAs 37 with a consequent increase in expression. The effect of rs887200 on COMT activity remains to be studied. The in silico eQTL searches did not provide evidence of this SNP affecting the COMT-expression levels significantly in the cell types available.
Postoperative Pain and Oxycodone Consumption
None of the SNPs showed significant association with the acute postoperative pain measures. Because of previous findings, SNP rs4818 was of special interest. This SNP as well as two other SNPs within the same haploblock, rs4646312 and rs2239393, showed nominal association (uncorrected P = 0.008-0.01). The carriers of the rarer alleles of these SNPs (rs4646312C, rs2239393G, and rs4818G) needed the first dose of oxycodone at higher postoperative pain scores during motion than the patients being homozygous for the major allele. In earlier studies, rs4818 has been associated with decreased experimental and postoperative pain intensity. 19, 21 Also, COMT SNP rs740603 in intron 1 has been previously suggested to be associated with maximum postoperative pain ratings. 6 However, we were unable to replicate this finding.
Both the Val 108/158 Met variant and a COMT haplotype carrying the Met allele have been associated with variation in the efficacy of morphine in cancer pain treatment. 8, 38 However, no effect of Val 108/158 Met on opioid analgesia was seen in a larger but highly variable cohort of pain patients. 39 In our study, no evidence of association with postoperative oxycodone consumption was seen even after adjusting the doses with age, body mass index, type of surgery, and other potential confounding factors.
Methodological Considerations
When multiple hypotheses are being tested, the risk of type I error and false-positive associations increases. This should be addressed by correcting for the multiple tests performed as was done in this study. We not only took into account the number of independent SNPs tested but also corrected for the number of phenotypes and statistical models used. Unfortunately, these very stringent correction methods also increase the probability of type II error (failure to reject the null hypothesis when it is false). We believe that it is possible and even likely that some of the SNPs showing border-line P values in this study have a true effect, but our study, even though it has 1,000 patients, is still underpowered to detect a statistically significant association. It becomes practically impossible to collect any larger, homogenous, and phenotypically well-characterized samples. With this sample size, the effect of the variant should be extremely strong for the results to remain statistically significant after multiple testing. Especially, regarding rare variants, the number of carriers can be small leaving effect sizes of these rare variants insufficient to reach the level of statistical significance.
It is commonly accepted that when replicating earlier findings, the criteria needed for evidence of association can be less stringent. However, in case of true replication also the direction of the effect (the risk allele) has to be in accordance with earlier findings. None of the replication efforts done in this study met these two criteria. In general, lack of replication of association signals that are based on candidate gene studies has resulted in the current wave of interest in genome-wide association studies where no prior hypothesis is needed.
In an ideal situation, the effects of several cooccurring SNPs can be simultaneously examined. From a statistical point of view, simultaneous assessment and testing of multiple SNPs (and phenotypes) are, however, difficult. Currently, evaluating COMT haplotypes appears to be the best way to assess the effect of COMT on pain and to consider multiple COMT SNPs at the same time. This method was used in our study as well, but the association signals seen were not more significant than the ones achieved by analyzing individual SNPs.
Our study population consists of patients having breast cancer. This can be regarded as a limitation because there are also some studies reporting associations between COMT variants and breast cancer. 13, 40, 41 Theoretically, breast cancer risk variants could be overrepresented among our patients. Also, approximately 25% of the patients reported chronic pain and some high anxiety, which sensitize to acute pain. Nevertheless, this was taken into account by adjusting the data for these variables.
